I -INTRODUCTION
Since the first discovery of the quasicrystalline phase of the quenched A1-Mn alloys in 1984 /I/, there have been a large number of experimental and theoretical studies on the structure of these newly found materials which have no translational symmetry but show discrete diffraction patterns of fivefold rotational symmetry. Based on the detailed electrondiffraction experiments on the A1-Mn quasicrystals /1,2,3/, it now seems to be well established that the symmetry of the A1-Mn quasicrystals is consistent with an icosahedral orientational symmetry. Once the spatial symmetry is specified, the next step is to determine the unit cell and its atomic structure. At present, many answers are proposed to solve this problem, but none of them is satisfactory to explain the observed electron diffraction intensities. A direct atomic-scale imaging of the A1-Mn quasicrystals is thus crucially important for the structural studies of this new alloy phase. High resolution electron microscopy has been used by some investigators /2,3/, and they have succeeded to demonstrate the lack of translational symmetry and the existence of pentagonal patterns and to estimate the size of the unit cell. However, the resolution is not sufficient to fix the atomic positions within the unit cell(s).
Recently Melmed and Klein /4/ have studied the real-space structure of the quasicrystalline phase of the A1-Mn alloys using the field-lon microscope (FIM) which is principally capable to resolve individual atoms of the specimen /5/.
In the case of alloys, however, the correspondence between the field-ion (FI) images and the real atomic structure is not necessarily straightforward, since only one constituent of alloys are imaged quite frequently in the FIM. Computer simulation of FI images is known to be useful in such cases, and we here present some calculated FI images of the A1-Mn quaslcrystals and compare them with the FIM observations.
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C o n c e r n i n g t h e symmetry, i t seems t o b e g e n e r a l l y a c c e p t e d t h a t t h e o b s e r v e d i c o s a h e d r a l symmetry o f t h e A1-Mn q u a s i c r y s t a l s c a n b e e x p l a i n e d by t h e s o -c a l l e d t h r e e -d i m e n s i o n a l P e n r o s e t i l i n g / 6 , 7 / w h i c h d e s c r i b e s t h e m a t h e m a t i c a l method t o f i l l t h e e n t i r e s p a c e u s i n g two r h o m b i c u n i t c e l l s .
The g e n e r a t e d P e n r o s e l a t t i c e h a s n o t r a n s l a t i o n a l symmetry, b u t t h e c a l c u l a t e d e l e c t r o n d i f f r a c t i o n p a t t e r n s f r o m t h i s q u a s i l a t t i c e a r e f o u n d t o b e i n good a g r e e m e n t w i t h t h e o b s e r v e d d i f f r a c t i o n p a t t e r n s , showing t h e c o r r e c t i c o s a h e d r a l symmetry /7,8/ T h e r e a r e , however, u n s e t t l e d a r g u m e n t s a b o u t t h e d i s t r i b u t i o n o f A 1 a n d Mn a t o m s w i t h i n t h e t w o P e n r o s e u n i t c e l l s . Most o f t h e p r o p o s e d m o d e l s , however, a g r e e t h a t Mn a t o m s o c c u p y t h e c o r n e r p o s i t i o n s o f t h e u n i t c e l l s so t h a t t h e p o s i t i o n s o f A1 a t o m s a r e t h e m a t t e r o f c o n t r o v e r s y .
W e employed two m o d e l s /9/ f o r t h e a t o m i c s t r u c t u r e o f t h e P e n r o s e u n i t c e l l s o f t h e A1-Mn q u a s i c r y s t a l s a s shown i n F i g .
I n model I , A1 a t o m s a r e l o c a t e d i n t h e m i d d l e o f e a c h e d g e o f t h e u n i t c e l l s , a n d i n model 11, t h e y a r e o n t h e f a c e -c e n t e r e d p o s i t i o n s ( f o r s i m p l i c i t y , w e d i d n o t i n c l u d e t h e body c e n t e r e d a t o m s i n t h e a c u t e u n i t c e l l s ) .
I
t s h o u l d be n o t e d t h a t t h e s e two m o d e l s may n o t b e t h e c o r r e c t o n e s i n c e t h e y d o n o t g i v e t h e c o r r e c t s t o i c h i o m e t r y and f a i l t o r e p r o d u c e e x a c t l y t h e o b s e r v e d e l e c t r o n d i f f r a c t i o n i n t e n s i t i e s /9/. However, t h e s i m u l a t i o n o f t h e F I l m a g e s o f t h e s e m o d e l s w i l l b e u s e f u l t o t e s t t h e s e n s i t i v i t y o f F I i m a g e s t o t h e a t o m i c s t r u c t u r e o f q u a s i c r y s t a l s and t o s u p p l e m e n t t h e i n t e r p r e t a t i o n o f t h e e x p e r i m e n t a l l y o b s e r v e d F I images.
I11 -METHOD OF CALCULATION F i r s t , a t h r e e -d i m e n s i o n a l P e n r o s e l a t t i c e was g e n e r a t e d u s i n g t h e g e n e r a l i z e d d u a l method / l o / , a n d Mn a t o m s were p l a c e d o n e a c h l a t t i c e p o i n t . 
F I i m a g e s were t h e n c a l c u l a t e d u s i n g t h e t h i n s h e l l method /11/: a t h i n spherical s h e l l o f r a d i u s R a n d t h i c k n e s s d i s drawn w i t h i t s c e n t r e a t t h e o r i g i n , and a l l t h e a t o m i c p o s i t i o n s w i t h i n t h e s h e l l a r e s t e r e o -p r o j e c t e d o n t o t h e v i r t u a l s c r e e n t o f o r m t h e s i m u l a t e d F I i m a g e s o n i t
I n o u r c a l c u l a t i o n , R and d w e r e f i x e d t o 52.6a0 and 0 . 1 0 5 a 0 , , r e s p e c t i v e l y , w h e r e a r e p r e s e n t s t h e l e n g t h o f t h e e d g e t h e r h o m b l c u n i t c e l l s . T h i s c o r n g i n a t i o n o f R and d i s c l o s e t o t h e b e s t -f i t v a l u e s o b t a i n e d by Moore and R a n g a n a t h a n /11/ i n t h e i r s i m u l a t i o n o f t h e F I i m a g e s o f FCC m e t a l s .
I f w e t a k e t h e v a l u e a. = 0.48 nm, t h e n R a n d d become 25.2 nm and 0.050 nm r e s p e c t i v e l y ( N o t e t h a t R c o r r e s p o n d s t o t h e l o c a l r a d i u s o f t h e t i p r a d i u s i n t h e FIM e x p e r i m e n t s ) . 
I t i s e v i d e n t t h a t t h e s i m u l a t e d F I i m a g e s h a v e a c o m p l e t e i c o s a h e d r a l symmetry, a n d a l l r i n g s t r u c t u r e s i n t h e i m a g e s p e r f e c t l y c o r r e s p o n d t o t h e p o s i t i o n s o f t h e symmetry a x e s i n t h e s t e r e o g r a p h i c p r o j e c t i o n s . T h i s a g r e e m e n t g u a r a n t e e s t h a t t h e g e n e r a t e d P e n r o s e l a t t i c e h a s a c o r r e c t s p a t i a l symmetry. I n F i g . 3 ( a ) -( e ) , w e compare F I i m a g e s o b t a i n e d f o r c a s e s ( i -v . The c e n t e r p o l e i n t h e s e i m a g e s is t h e f i v e f o l d a x i s , p a r a l l e l t o o n e o f u n i t v e c t o r s d e s c r i b e d i n Eq. ( 1 ) .

The m o s t s t r i k i n g f e a t u r e i n t h e i m a g e s o f F i g . 3 [ b ) -( e ) is t h e e x i s t e n c e o f n o t i c e a b l e r i n g s t r u c t u r e s a t t h e f i v e f i v e f o l d p o l e s a r o u n d t h e c e n t e r . The t w o f o l d p o l e s w h i c h a r e l o c a t e d j u s t b e t w e e n t w o f i v e f o l d p o l e s a l s o show c l e a r r i n g p a t t e r n s b u t t h e i r e x t e n t i s l e s s marked compared t o t h e r i n g s a t t h e f i v e f o l d p o l e s .
I n c o n t r a s t w i t h f h e s e p o l e s , o n l y weak s t r u c t u r e s c a n b e s e e n a t t h e t h r e e f o l d p o l e s w h i c h r a t h e r a p p e a r a s a b l a n k r e g i o n i n t h e s i m u l a t e d F I images.
S i n c e t h e r i n g p a t t e r n s i n t h e F I i m a g e s a r e f o r m e d by t h e i m a g e s o f t h e e d g e a t o m s o f e a c h n e t p l a n e , t h e c o n c e n t r i c r i n g p a t t e r n s i n t h e s e i m a g e s c l e a r l y i n d i c a t e t h e e x i s t e n c e o f a s e t o f p a r a l l e l a t o m i c p l a n e s , l o c a l l y a t l e a s t , i n t h e s e q u a s i c r y s t a l l i n e a l l o y s .
T
h e r e f o r e , t h e s p a t i a l s t r u c t u r e o f t h e s e modeled q u a s i c r y s t a l s is t h u s " c r y s t a l -l i k e " e v e n i n s p i t e o f t h e l a c k o f t r a n s l a t i o n a l symmetry, a s a l r e a d y i n d i c a t e d by t h e e l e c t r o n m i c r o s c o p y . The q u a s i c r y s t a l l i n e p h a s e is j u s t t h e i n t e r m e d i a t e b e t w e e n t h e c r y s t a l l i n e and t h e amorphous s t a t e s o f m a t t e r .
N o s i g n i f i c a n t d i f f e r e n c e s c a n b e f o u n d among t h e i m a g e s i n F i g . 3 ( b ) -( e ) , e x c e p t t h e p o p u l a t i o n o f t h e a t o m i c s i t e s . Through t h e s e i m a g e s , t h e m a j o r p o l e s h a v e n e a r l y t h e same c o n t r a s t . The s i m i l a r l i t y o f t h e s e i m a g e s , p a r t i c u l a r l y t h e c l o s e r e s e m b l a n c e o f
F i g . 3 ( b ) a n d ( c ) , s u g g e s t s t h a t t h e g r o s s f e a t u r e s o f t h e F I i m a g e s a r e r a t h e r i n s e n s i t i v e t o t h e p o s i t i o n s o f A 1 a t o m s w i t h i n t h e u n i t c e l l s . I t is, t h e r e f o r e , d i f f i c u l t t o d e t e r m i n e t h e a t o m i c s t r u c t u r e s o f t h e u n i t c e l l s f r o m t h e c o n t r a s t o f t h e F I images.
A l t h o u g h t h i s r e s u l t is n o t c o n c l u s i v e s i n c e w e t e s t e d o n l y two u n i t c e l l s t r u c t u r e s , i t may b e l i k e l y t h a t a h i g h r e s o l u t i o n FIM o b s e r v a t i o n w i t h s i n g l e atom r e s o l u t i o n i s t o b e r e q u i r e d t o d e t e r m i n e a t o m i c p o s i t i o n s w i t h i n t h e u n i t c e l l s .
I n F i g . 3 ( f ) , we i n c l u d e t h e e x p e r i m e n t a l F I m i c r o g r a p h o f A1-Mn q u a s i c r y s t a l o b t a i n e d by Melmed a n d K l e i n /4/. T h i s o b s e r v e d image shows f i v e f i v e f o l d a n d f i v e t w o f o l d p o l e s w i t h n e a r l y e q u a l c o n t r a s t o n them.
On t h e c o n t r a r y , t h e b i g r i n g p a t t e r n s i n t h e s i m u l a t e d F I i m a g e s i n F i g . A l s o , t h e s t r u c t u r e s d u e t o t h e t w o f o l d and t h r e e f o l d p o l e s n e a r t h e c e n t e r a r e h a r d l y s e e n i n t h e o b s e r v e d F I images.
Such d i f f e r e n c e s b e t w e e n t h e e x p e r i m e n t a l a n d c a l c u l a t e d F I i m a g e s may b e p a r t l y d u e t o t h e s m a l l s i z e o f t h e t i p r a d i u s ( R ) i n t h e s i m u l a t i o n s i n c e t h e s t e e p c u r v a t u r e o f t h e s p h e r i c a l s h e l l t e n d s t o a m p l i f y t h e c o n t r a s t o f some m a j o r p o l e s .
However, w e a l s o p o i n t
C7-472
JOURNAL DE PHYSIQUE o u t t h a t t h e o b s e r v e d F I image shown i n F i g . 3 ( f ) h a s much s i m i l a r i t y t o t h e s i m u l a t e d image o f Mn l a t t i c e i n F i g . 3 ( a ) w h i c h show t e n
p o l e s a r o u n d t h e c e n t e r w i t h n e a r l y e q u a l c o n t r a s t . I t is t h u s s u g g e s t e d t h a t o n l y Mn atoms a r e imaged i n t h e a c t u The c o n t r a s t o f F I i m a g e s is l i t t l e i n f l u e n c e d b y t h e A1 p o s i t i o n s w i t h i n t h e P e n r o s e u n i t c e l l s . 
